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[57] ABSTRACT 

A micro-objective lens is carried on an air bearing slider 
with an optical passage through which the lens focuses 
an energy beam onto a spot on an optical data storage 
medium. The slider accomplishes automatic focusing. 
An RF coil is affixed to the slider facing the storage 
medium and surrounding the beam axis. The proximity 
of the coil lowers power switching requirements. 

24 Claims, 4 Drawing Sheets 
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optical data storage medium. To accomplish this, the 

OPTICAL HEAD WITH FLYING LENS objective lens is preferably mounted on an air bearing 

slider flexibly connected to the actuator arm. 

Cross Reference to Related Application For magneto-optical applications, a miniature elec- 

The present application is related to copending appli- 5 tromagnetic coD joins the focusing optics on the air 

cation Ser. No. 192,953 filed the same day as this appli- bearing ^ider connected to the actuator arm. The op i- 

cation by Neville K.S. Lee entitled "Low Mass Optical cal axis of the converging beam passes nominally 

Head System", assigned to the same assignee as the through the center of the coil on its way to the optical 

present application no pending and incorporated herein storage medium. The coil is preferably elongated in the 

in its entirety. 10 cross track dir ecti° n ' Locating the coil on the air bear- 
ing slider brings it close to the recording medium, thus 

BACKGROUND OF THE INVENTION lowering the power required to establish the desired 

The present application is related to the head design external magnetic bias field and allows the coil to be 

for an optical data storage system. small and lightweight. 

The term "optical" as used herein is intended to apply 15 In a preferred embodiment, the coil is a printed mi- 

to any directed energy beam system including, for ex- crocircuit carried on a surface of the slider facing the 

ample, visible light, infrared radiation or electron beam. medium. The slider is preferably modified to carry a 

Realizing the full potential of high density optical block of silicon or other suitable crystalline material in 

storage depends on optimal head design. Optical stor- which a tapered aperture accommodating the converg- 

age systems such as magneto-optical (MO), write once 20 ing beam, is formed by means of anisotropic preferential 

read many (WORM) and compact disk (CD ROM) all etching: The flat coil encircles the smaller opening or 

depend on precisely positioning an optical head to train ex j t pupil on the side of the block facing the storage 

a laser beam, on a nominally selected track. The optics, medium. 

laser transmitter/detector, auto focusing and fine track- yhe co ji can be energized at high frequencies to pro- 

ing mechanisms are carried on a linear or rotary actua- 25 duce a mo d u l a ted bias field for writing data in one of 

tor. In MO data storage systems, the actuator, typically tw0 ways a continuous wave (CW) laser can be 

an electromagnetic mechanism, positions an optical employed to produce a continuous beam of thermal 

head over the storage track portion of an MO disk. The energy such that the writing is initiated by modulating 

head comprises the laser diode, optics, detectors, focus the field A j teni atively, a pulsed laser beam can be used 

and fine tracking actuators and servo electronics, which 30 ^ ^ ^ mbination with ^ bias fieldt 

collectively perform the reading and writing opera- piacm a lens on the air bearing slider 

tions. Typically, writing onto an MO disk requires a ^ focus tQ ^ 3^^^ ^thout a focusing 

two-pass operation in which the track or sector on actuatof ^ smQ ^ addition> this con fig Urat io D de- 

which data is to be written is first erased In^ Ae erase fe functi thus ^ 

cycle an extend 35 P ^ ubIesome ^.coupling. Furthermore, min- 

in a direction normal to the disk. The extern^ field is ^ ^ ^ ^ ^ ^ 

typically provided by energizing *^ ****** mass of ^ refle j tor thereb ^ the ^k time to 
netic coil disposed on the opposite side of the disk from ™» j e 

^eob?ctive P lens.Tnecon * reduced while making the optical package more 

the stroke of the head. Laser-heated domains to be over- 40 compact and reducing the profile of the head assembly 
written are returned to a single orientation under the thereby enabling multiple-platter optical disk drives, 
influence of the external field. After the erase cycle, the BRIEF DESCRIPTION OF THE DRAWINGS 
external field is reversed and the laser beam is pulsed to . 
write data by selectively reversing the polarity of do- The drawmgs are bnefly described as follows 
mains where necessary. The erase cycle significantly 45 FIG. 1 is a schematic diagram of an optical head 
reduces disk drive performance by adding one full la- system according [to the invention, 
tency cycle to the writing process. if 2 is a schematic sectional view of the optical 

In present optical storage devices, focusing and fine he ad of FIG. 1. 
tracking operations are often accomplished by a 2- FIG. 3 is a schematic perspective view of an embodi- 
degree^f-freedom, miniature voice coil actuator lo- 50 ment of the head of FIG. 2 without the actuator car- 
cated in the optical head. In this method, which requires nage. 

a closed-loop servo system, a portion of the light re- FIG. 4 is a sectional schematic view of another em- 
fleeted off of the disk is directed onto an astigmatic bodiment of the air bearing slider of FIG. 1 carrying the 
sensor. Focus and track error signals generated by the objective lens and coil. 

sensor are fed back as control signals to the voice coil 55 FIG. 3 is a top schematic view of the coil body of 

actuator. The focus and fine-track actuator mechanisms FIG. 4 illustrating the tapered recess. 

encumber the integrated head with compliant compo- FIG. 6 is a bottom schematic view of the coil body of 

nents which limit its tolerance for high accelerations FIG. 4 showing the coil. 

accompanying fast seeks. A single actuator performing DETAILED DESCRIPTION 

both functions also instigates cross coupling. 60 g # t 

In addition, the mass of present optical heads, due The specific embodiment of the invention described 
largely to the weight of the objective lens, limits accel- herein illustrates an application of the invention to mag- 
eration sensitive access times. neto-optical disk technology. The invention, however, 

has aspects which are applicable to all optical data stor- 
SUMMARY OF THE INVENTION 65 age systems. The described embodiment is designed for 

One general aspect of the present invention is auto- a linear actuator, but the invention is compatible with 
matically maintaining the focusing optics or objective rotary actuators, which may be preferred in certain 
lens at a prescribed height close to the surface of the applications. 
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As shown in FIG. 1, a magneto-optical disk 10 is tionally by manipulating an optical element in the sta- 

mounted on spindle 12 for continuous rotation at a con- tionary unit 34 as disclosed in the aforementioned co- 

stant angular velocity. The optical head system 14 com- pending application. 

prises an actuator carriage or arm .16 which translates The RF coil mounted in the air bearing slider can be 
on fixed rails 18 radially aligned with the disk 1. Car- 5 fabricated by printed microcircuit techniques and may 
riage 16 is moved back and forth on bearings 20 by comprise a coplanar spiral or multi-layer coil of inter- 
means of an electromagnetic linear actuator 22. The connected parallel, coplanar spiral windings. The coil 
outer end of the carriage 16, thus cantilevered from the preferably contains relatively few turns so that its in- 
bearings 2, carries a fine tracking mechanism 24 on ductance and resistance are low. The low inductance 
which a 45' folding reflector 26 (prism or mirror) is 10 allows the coil to have the wide bandwidth needed to 
mounted. In addition, the arm 16 carries, at its outer achieve fast-switching time while the low resistance 
end, an articulated air bearing slider assembly 30, at- makes the device power-efficient This configuration 
tached to the arm 16 by means of a resilient flexure allows the polarity of the magnetic field produced by 
hinge 32. The air bearing slider 30 and reflector 26 are the coil to be modulated at the data transfer rate to 
optically aligned with a remotely located stationary 15 eliminate the need for an erase cycle, 
module 34 containing laser transmitter/detector, colli- The presently preferred material for the apertured 
mator optics and electronics. coil block 52 (FIGS. 4-6) is silicon subjected to aniso- 

As shown in FIGS. 2 and 3, the air bearing slider tropic preferential etching. A monocrystalline wafer, of 

assembly 30 includes a slider base 40 having an optical pure silicon 15-20 mils thick is cut with a crystal orien- 

passage in the form of an aperture 40a occupied by a 20 tation [100]. Next, the crystal is etched with a conven- 

miniature coil assembly 42 beneath a small diameter, tional etchant along the [111] plane by appropriate 

short focal length, aspheric singlet, micro-objective lens alignment of a suitable rectangular mask. The desired 

44. A printed circuit coil 45 is defined on the bottom result, as illustrated in FIG. 5, is a rectangular 

face of the assembly 42 around the beam exit aperture. pyramidoidal recess having four sides which each make 

As shown in FIG. 3, the flexure hinge 32 is attached 25 an angle of 35.26' [arctan (1/V2)] with respect to the 

approximately at the center of the upper surface of the normal axis. Because the sides all make the same angle, 

slider body with the aperture 40a for the objective lens the only perfect rectangular pyramid would be a square 

and coil positioned alongside the flexure hinge 32. As based one, with the result being a square exit aperture, 

shown in FIG. 3, the arm 16 may comprise a pair of To elongate the exit aperture for track selection, imag- 

spaced parallel rails 46 forming a movable slot in which 30 ine one side of the pyramid being shifted laterally so 

the fixed opto-electronic module 34 can be suspended to ' that the imaginary vertex becomes a line. Even though 

intercept the beam axis from reflector 26. the mask is only slightly elongated (i.e., out-of-square), 

In the embodiment of FIGS. 4-6, a modified slider the intersection of the pyramidoid and a horizontal 

body 50 has a rectangular aperture 50a in which a rect- slicing plane (i.e., the lower face of the block) grows 

angular coil block 52 is cemented. The coil block 52 has 35 more and more elongated toward the apex line. Thus, 

a tapered recess 52a intersecting the lower surface of the exit aperture is a more radically elongated rectangle 

the block to form an exit aperture S2b. The underside of than the mask pattern, depending on the thickness of the 

the coil block 52 carries a substantially flat printed cir- block. 

cuit coil 54 (FIGS. 4 and 6) arranged coaxially with The overall size of the rectangular exit aperture 52b 

respect to the nominal beam axis and the center of the 40 in the bottom of the block 52 is also determined by the 

exit aperture 52b. The coil block 52 is cemented in place thickness of the block 52. The thickness of the block and 

in the aperture 50a (FIG. 4) in the slider body 5 so that aspect ratio of the rectangle may be varied to accommo- 

the bottom surface of the coil block 52 is approximately date the dimensions of the coil 54 as well as to provide 

flush with the outer rails 50b of the slider body. A glass access to a given number of tracks. The converging, 

molded aspheric singlet micro-objective lens 60 is 45 conical beam itself as shown in FIG. 4 passes through 

mounted in an annular setting 62 coaxial with respect to the pyramidoidal recess etched in the silicon block. The 

the coil block 52 such that the nominal optical axis of beam convergence angle (with respect to normal) is 

the objective lens 60 passes substantially through the preferably anywhere from about 30* up to about 35° in 

center of the exit aperture 52b. the presently preferred embodiment 

As shown in FIG. 4, the converging beam from the 50 In operation, aerodynamic lift is generated from the 
micro-objective lens passes through the coil block 52. interaction between the air bearing slider 30 and the 
By changing the angle of the reflector 26, as indicated in spinning disk 10. This lift is counteracted by an equal 
FIG. 4, the beam axis and thus the position of the focal and opposite spring force from the flexure hinge 32 
point with respect to the exit aperture 52b can be altered thereby allowing the air bearing slider to passively 
to select a particular track. Fine tracking is thus accom- 55 maintain both the micro-objective lens and the RF coil 
plished by tilting the reflector 26. Ideally, the reflector at a prescribed flying height from the disk surface. 
26 is rotated slightly about the center of the objective Data is written into the disk by illuminating the re- 
lens. In this way, a number of adjacent tracks, e.g., cording medium with a laser from the stationary optics 
+/— 20 to 40, can be accessed by fine tracking without package 34 (FIG. 1) while modulating the current 
changing the coarse position of the actuator 16. To 60 through the RF coil at high speed. Data can be written, 
accommodate the fine tracking excursion of the beam, erased or overwritten in several ways. First, a CW laser 
the coil 54, recess 52a and exit aperture 52b should be can be employed to produce a continuous beam of ther- 
slightly elongated in the cross-track direction. Elongat- mal energy such that writing, erasing or overwriting is 
ing the RF coil in the cross-track direction accommo- initiated by virtue of the magnetic bias field modulation 
dates a field of view of several tens of tracks thereby 65 itself. Alternatively, a pulsed laser beam can be used 
allowing localized micro-tracking to be accomplished alone or in combination with the bias field. Because of 
without changing the radial position of the head. Fine the coil's reduced size and proximity, it can be rapidly 
tracking can also be accomplished alternatively or addi- energized with current flowing in the proper direction 
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to produce a rapidly varying magnetic field of sufficient profile of the optical head and limits the minimum feasi- 
strength. The power-efficient, fast-switching coil can be ble disk separation in multiple disk configurations, 
driven by a relatively modest power supply. The foregoing considerations and the equation relat- 

Thus, the invention provides a means of eliminating ing the three parameters result in the following approxi- 
the erase cycle. Because the objective lens and the coil 5 mate desirable ranges on the objective focal length, 
are on the same side of the disk, the system of the pres- objective NA, and collimated laser beam diameter in 
ent invention is compatible with double-sided disks. presently preferred embodiments: 

This arrangement also eliminates the need for a focus Focal length= 1-3 mm, preferably less than 2 mm 
servo since the air bearing slider can position and main- (preferred embodiment 1.45 mm) 
tain the distance between the micro-objective lens and 10 Numerical aperture =0.50-0.65 (preferred embodi- 
the MO disk to an accuracy which is within the depth of ment 0.55) . . , ^ 

focus of the lens. The compliant nature of the flexure in Beam diameter = 1-3 mm (preferred embodiment 1.60 
the focus direction allows the air bearing slider to ac- mm) A glass aspheric singlet of the preferred specifica- 
commodate axial disk runout. Lens spacing accuracies tions has a mass of less than35 milhgrams. It appears to 
of better than 0.1 micron are projected. Since the depth 15 be generally preferable for the focal length of the lens to 
of focus of the microobjective lens is approximately be about the same as the beam diameter. 
+/-0.8imCTon(32micromches),theairbearingslider The invention is usable with a removable or nonre- 
can adequately perform the necessary auto focus func- movable MO disk. The preferred system however, is 
tion ' *^ designed for use with a nonremovable MO disk. In a 

The focal length of the objective lens, the numerical 20 dust-free housing, the MO disk can be protected by a 
aperture definini the entrance diameter of the objective very thin overcoat Prior MO sysfcans have used large 
lens, and the collimated laser beam diameter incident to objective lenses » combination with disks bearing rela- 
Lie ens are related by the following equation: tivdy thick protective overcoats which require long 

7 working distances. The use of an air bearing slider to 

25 carry the objective lens allows the working distance 
D=7fxNA between the objective lens and the magnetic layer to be 

reduced. Based on these considerations, the focal length 
wnere of the lens for the present invention can be less than in 

D=beam diameter prior systems. The short focal length objective used in 

f=lens focal length 30 this system permits miniaturization of the entire optical 

NA= numerical aperture. head resulting in a more compact, lightweight and reli- 

The focused spot size produced by the lens and the • able package, 
depth of focus are determined by the numerical aper- The flying height stability requirement is much less 
ture. A small NA yields a large depth of focus and a severe in the present invention than in a conventional 
large spot Conversely, a larger NA produces a smaller 35 magnetic disk drive. In contrast to magnetic disk drives, 
spot but reduces the depth of focus. In the preferred the optimal height at which the air bearing slider flies is 
embodiment, the NA is approximately 0.55 which determined by aerodynamic not data density consider- 
yields a small spot and an adequate depth of focus. ations. Thus, in the present invention, the air bearing 
Moreover, 0.55 is approximately the largest NA cur- system inherently can operate at a more reliable, stable 
rently practical in a single-element, molded, aspheric 40 flying height 

lens. Larger NA's require steeper curvatures which are As an alternative to the slider assemblies illustrated 
difficult to fabricate. It is anticipated, however, that herein, the slider body can be integrated with the coil or 
future advances in fabrication technology may give rise with the objective lens or both. For example, a slider 
to aspheric singlets with larger NA's. A somewhat can be made of optically transparent material with the 
larger NA may be desirable to reduce the spot size so 45 coil photolithographically defined on one side. In opti- 
long as the depth of focus is not reduced to a level close cal data storage systems which do not require external 
to or beyond the auto focus capability of the slider. magnetic fields, the air bearing slider mounted objective 
Since the aperture and thus the overall width of the lens can be used without the RF coil. Thus, the inven- 
objective lens need only be large enough to encompass tion is applicable, for example, to CD ROM technol- 
the beam, the beam diameter should be as small as feasi- 50 ogy. In addition, while the invention is illustrated in a 
ble to reduce the lens mass. However, the lower limit on linear actuator, it is equally applicable to rotary actua- 
the beam diameter is determined by the divergence of tor systems. 

the collimated beam as it travels from the stationary These and other embodiments are included within the 

module 34 to the objective lens (FIG. 2), and the re- claims. 

quirement that the beam be centered on the objective 55 What is claimed is: 

lens. If the beam is too small, diffraction will cause its 1. An optical data storage system, comprising 
width to grow excessively as it travels from the station- an optical data storage medium, 
ary module to the objective lens. Moreover, a small a movable optical head for delivering a directed en- 
misalignment between the laser beam and the objective ergy beam to a spot on the storage medium, includ- 
lens will result in excessive light loss if the beam is too 60 ing 

sma ]l a slider flexibly suspended above said medium on an 

The focal length of the objective lens determines the air bearing, 

distance between the medium and the lens (the.working micro-focusing optics mounted on said slider, said 
distance). If the focal length is too short, then the work- slider having an optical passage defined between 

ing distance will be too small. If the focal length is too 65 said optics and the storage medium, said optics 
long, then the lens will be mounted too high on the air being oriented to focus the energy beam through 

bearing slider, a potentially unstable configuration. said optical passage onto a spot on the storage 

Moreover, a long focal length objective increases the medium, said slider inamtaining the effective dis- 
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tance between said optics and said storage medium a slider flexibly suspended above said medium on an 

to achieve auto focusing, said optical passage being air bearing, 

a tapered pyramidoidal recess formed in said slider micro-focusing optics mounted on said slider, said 

accommodating a converging beam from said op- slider having an optical passage defined between 

tics, said tapered pyramidoidal recess having flat 5 said optics and the storage medium, said optics 

si( j es being oriented to focus the energy beam through 

2. The system of claim 1, wherein said optics has an optical passage onto a spot on the storage 
optical axis, each side of said recess making an equal medlum ' ** d shd f njamtaimng the effective dis- 
angle with respect to said optical axis. fA tance between said optics and said storage medium 

i T*i» ~. ~c i • •» +u» i or „ D , an A „r 10 to achieve auto focusing, said optical passage being 

3. The system of claim 2, wherein he larger end of a tapered recess formed in said slider a^mmodat 
the tapered recess has a rectangular ^-section ^converging beam from said optics, said stor- 
shaped like a slightly elongated square and the exit * medium pUiral Uacks md said tapered 
opening at the narrow end of the tapered recess is a ^ tenninating( on ^ ^ of ^ slider facing 
more elongated slot-shaped rectangle. x$ ^ st0fage medium( m ^ exit aperture elongated 

4. An optical data storage system, comprising ^ the cross . tra ck direction. 

an optical data storage medium, g sysl ein of claim 7, further comprising a sub- 

a movable optical head for delivering a directed en- stantially flat electrical coil attached to the bottom of 

ergy beam to a spot on the storage medium, includ- th e slider surrounding said elongated exit aperture. 

ing 20 9. The system of claim 8, wherein said coil is a printed 

a slider flexibly suspended above said medium on an microcircuit immediately adjacent to and said exit aper- 

air bearing, ture. 

micro-focusing optics mounted on said slider, said 10. The system of claim 9, further comprising a sepa- 

slider having an optical passage defined between rate fine tracking actuator for shifting the beam axis 

said optics and the storage medium, said optics 25 along a scanning direction parallel to the long axis of 

being oriented to focus the energy beam through said exit aperture. 

said optical passage onto a spot on the storage 11. The system of claim 10, further comprising a 

medium, said slider maintaining the effective dis- reflector in said optical head, said fine tracking actuator 

tance between said optics and said storage medium acting to tilt said reflector. 

to achieve auto focusing, said optical passage being 30 12. The system of claim 7, wherein the storage me- 

a tapered recess formed in said slider accommodat- dium has plural tracks, further/comprising a separate 

ing a converging beam from said optics, said ta- fine tracking actuator for shifting the beam axis to select 

pered recess being formed by anisotropic preferen- different tracks on the storage medium, 

tial etching. The system of claim 7, wherein said focusing 

5. An optical data storage system, comprising 35 optics is a micro-objective lens. 

an optical data storage medium, . u The svstem of claim 13 » wherein said objective 

a movable optical head for delivering a directed en- lens is an asphwic singlet. 

ergy beam to a spot on the storage medium, includ- , «■ The system of claim 13, wherein said objective 

•jZ lens has a focal length of from 1 to 3 mm. 

a slider flexibly suspended above said medium on an 40 , » The system of claim 15 wherein said objective 

air bearine lens has a focal length of less than 2 mm. 

micro-focusing optics mounted on said slider, said , The system of claim IS wherein said objective 

m . _ 4 . . , , lens has a focal length of about 2 mm. 

slider having an ^'^^ 18. The system of claim 13, wherein said lens has a 

said optics and the storage medium^ said optics 4$ * 

being oriented to focus the energy beam through ^ ^ Qf ^ ^ ^ has a 

said optical passage onto a spot on the storage numericaJ arture of from about a50 t0 about 0 . 65 . 

medium, said slider maintaining the effective dis- 2Q The system Qf daim 13 furthef means 

tance between said optics and said storage medium for generatmg a collated laser beam and for directing 

to achieve auto focusing, said optical passage being 5Q ^ bcam via ^ optical head to ^ objec tive lens 

a tapered recess formed in said slider accommodat- ^ beam having a diamet er of from about 1 to about 3 

ing a converging beam from said optics, said slider mm 

including a separate block in which said tapered 2 1. The system of claim 20, wherein said beam diame- 

recess is formed, said block is made of a crystalline ter & approximately 1 \ mm. 

material and said recess is formed by anisotropic 55 22. The system of claim 20, wherein said lens has a 

preferential etching. focal length of about 1.45 mm and a numerical aperture 

6. The system of claim 5, wherein said crystalline of about 0.55, and said beam diameter is approximately 
material is silicon. 1.6 mm. 

7. An optical data storage system, comprising • 23, The system of claim 20, wherein the focal length 
an optical data storage medium, 60 of said lens is about the same as said beam diameter. 

a movable optical head for delivering a directed en- 24. The system of claim 13, wherein said objective 

ergy beam to a spot on the storage medium, includ- lens has a mass of less than 35 milligrams. 
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